Abstract. During the ascending phase of solar cycle 24, a series of interplanetary coronal mass ejections (ICMEs) in the period 7-17 March 2012 caused geomagnetic storms that strongly affected high-latitude ionosphere in the Northern and Southern Hemisphere. GPS phase scintillation was observed at northern and southern high latitudes by arrays of GPS ionospheric scintillation and TEC monitors (GISTMs) and geodetic-quality GPS receivers sampling at 1 Hz. Mapped as a function of magnetic latitude and magnetic local time (MLT), the scintillation was observed in the ionospheric cusp, the tongue of ionization fragmented into patches, sun-aligned arcs in the polar cap, and nightside auroral oval and subauroral latitudes. Complementing a companion paper (Prikryl et al., 2015a ) that focuses on the highlatitude ionospheric response to variable solar wind in the North American sector, interhemispheric comparison reveals commonalities as well as differences and asymmetries between the northern and southern high latitudes, as a consequence of the coupling between the solar wind and magnetosphere. The interhemispheric asymmetries are caused by the dawn-dusk component of the interplanetary magnetic field controlling the MLT of the cusp entry of the storm-enhanced density plasma into the polar cap and the orientation relative to the noon-midnight meridian of the tongue of ionization.
Introduction
The scintillation of the global navigation satellite system (GNSS) radio signal is caused by refraction and diffraction of radio waves passing through ionospheric irregularities on scales from tens of meters to a few kilometers including steep electron density gradients (Basu et al., 1998; Kintner et al., 2007) . Variable ionospheric electron density causes variable group delay and phase advance of the radio wave, resulting in rapid phase fluctuations or phase scintillation. Diffraction of a plane wave passing through an irregular ionosphere results in constructive or destructive interference across a spatially Published by Copernicus Publications on behalf of the European Geosciences Union.
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irregular wavefront, leading to fluctuations in signal intensity or amplitude scintillation. Both effects can cause errors in receiver signal tracking loops and, in some cases, a loss of signal lock that can lead to navigational errors (Kintner et al., 2007) .
Ionospheric irregularities are produced through the coupling of solar wind to the magnetosphere-ionosphere system, resulting in high-latitude phenomena that include fieldaligned currents (FACs), auroral electrojets, energetic particle precipitation, ionospheric convection, subauroral polarization streams (SAPS), storm-enhanced density (SED), tongues of ionization (TOI) and patches of enhanced plasma density convecting in the polar cap. These phenomena occur, sometimes simultaneously, in both hemispheres, threaded by magnetic field lines that are either closed or open, i.e., connected to the interplanetary magnetic field (IMF). The driving mechanism for these processes is the magnetic reconnection between the IMF and the Earth's magnetic field (Dungey, 1961; Echer et al., 2008 ) that controls energy and momentum transfer in the magnetosphere in both the Northern and Southern Hemisphere. Most prominently, conjugate auroras display similarities as well as asymmetries between hemispheres (DeWitt, 1962; Sato et al., 1998 Sato et al., , 2005 Østgaard et al., 2003 Laundal and Østgaard, 2009 ). Also, interhemispheric similarities and asymmetries are manifested by the ionospheric convection at high latitudes (Cowley et al., 1991; Ruohoniemi and Baker, 1998; Milan et al., 2001; Kozlovsky et al., 2003 , Nishitani et al., 2003 , including SAPS (Kunduri et al., 2012; Kunduri, 2013) . The seasonal dependence of interhemispheric asymmetries of FAC patterns has been observed (Papitashvilli et al., 2002) . The most prominent interhemispheric asymmetry in the polar ionosphere on open magnetic field lines is caused by the IMF B y . The tension on the newly opened field lines that has a net east-west component, if IMF is non zero, is opposite in the Northern and Southern Hemisphere (Cowley, 1981; Tsurutani et al., 1984) . As a result, the ionospheric convection in the polar cap is oppositely tilted with respect to the noon-midnight meridian and thus causes the opposite tilt of TOI in the Northern and Southern Hemisphere. Also, noon-midnight asymmetry of auroral activity is observed during intervals of large IMF B y (Akasofu and Tsurutani, 1984) .
The occurrence of GNSS scintillation in both hemispheres is a function of magnetic local time and geomagnetic latitude (Spogli et al., 2009; Li et al., 2010; Alfonsi et al., 2011; Prikryl et al., 2011a) . The phase scintillation is often collocated with bright auroras (Smith et al., 2008 Kinrade et al., 2013 , fast-drifting irregularities and steep density gradients in the cusp (Prikryl et al., 2011a) , and TOI and patches in the polar cap; more recently, weak to moderate scintillation was observed collocated with SAPS at subauroral latitudes (Prikryl et al., 2013b (Prikryl et al., , 2015b . Interhemispheric comparison of high-latitude ionospheric scintillation during geomagnetic storms has revealed similarities as well as asymmetries between the northern and southern auroral zones, cusps and polar caps (Prikryl et al., 2011b , Kinrade et al., 2012 Prikryl et al., 2013a) .
The interval of geomagnetic storms of 7-17 March 2012 was selected at the Climate and Weather of the Sun-Earth System (CAWSES) II Workshop for group study of space weather effects during the ascending phase of solar cycle 24 (Tsurutani et al., 2014) . With a focus on the North American sector, the companion paper (Prikryl et al., 2015a ) studies high-latitude ionospheric response to a series of storms including GPS scintillation. To complement the latter study, the present paper includes the GPS phase scintillation observed in the European sector and Antarctica and focuses on the interhemispheric comparison of GPS phase scintillation response at high latitudes.
Instruments and data
The Canadian High Arctic Ionospheric Network (CHAIN) (Jayachandran et al., 2009) , which consists of GPS ionospheric scintillation and TEC monitors (GISTMs), is described in the companion paper. CHAIN data are supplemented by scintillation data from the same type of receiver operated in Gakona, Alaska (Jiao et al., 2013) . GISTMs have been operated in the European sector in Scandinavia and in southern high latitudes, primarily in Antarctica (De Franceschi et al., 2006; Li et al., 2010; Ngwira et al., 2010; Prikryl et al., 2011b, their Table 1 ). South Pole GPS receiver operations are a collaborative effort of University of Bath and Siena College. The GISTMs of the South African National Antarctic Expedition (SANAE) in Antarctica are operated by the Space Science Directorate of the South African Space Science Directorate (SANSA). The array of GISTMs is complemented by geodetic-quality GPS receivers sampling at 1 Hz to compute proxy indices (mean delta phase rate, mDPR, and standard deviation of delta phase rate, sDPR) (Ghoddousi-Fard et al., 2013) . Most of the 1 Hz GNSS data are obtained from the NASA's Crustal Dynamics Data Information System (http://cddis.gsfc.nasa.gov/gnss/). Figure 1a and b show locations of GISTMs (red dots) and the 1 Hz GPS receivers (black dots) in the northern and southern high latitudes. Also, the conjugate locations of GISTMs in the opposite hemisphere are shown (blue dots).
The Special Sensor Ultraviolet Scanning Imager (SSUSI) is onboard the Defense Meteorological Satellite Program (DMSP) satellites (F16 to F18). It measures auroral and airglow emissions in far-ultraviolet (FUV) bands, and provides partial global auroral images in five "colors": 121.6 nm (proton aurora), 130.4 nm (O emission), 135.6 nm (O emission), 140 to 150 nm (Lyman-Birge-Hopfield (LBH)S: N2 LBH short band) and 165 to 180 nm (LBHL: N2 LBH long band) (Paxton et al., 2002) . The LBHS and LBHL bands were used to derive the energy flux and mean energy of precipitating electrons in the auroral oval (Zhang and Paxton, 2008 , and references therein). SSUSI takes 15 auroral images in both hemispheres every day, and the images have a spatial resolution down to 10 km at nadir. The presented SSUSI auroral images have been re-binned with a grid side of 25 km × 25 km. The SSUSI is almost the same as a global ultraviolet imager (see Zhang and Paxton, 2008) .
The Super Dual Auroral Radar Network (SuperDARN) is a network of coherent-backscatter HF radars with a collective field of view that covers a large fraction of the highlatitude ionosphere (Greenwald et al., 1995; Chisham et al., 2007) . The radars transmitting at frequencies 8-20 MHz receive backscatter returns from field-aligned ionospheric plasma irregularities to measure the line-of-sight Doppler velocity, spectral width and backscatter power. These measurements are used to infer convection and electrostatic potential patterns in the high-latitude ionosphere (Ruohoniemi and Baker, 1998; Shepherd and Ruohoniemi, 2000) . The GPS TEC maps are obtained using the plotting tools (Thomas et al., 2013) available online (http://vt.superdarn.org), with the TEC data downloaded from the Madrigal database (http: //madrigal.haystack.mit.edu/madrigal/). The TEC data were processed using the MIT Automated Processing of GPS (MAPGPS) software, which allows the processing of GPS data into global TEC maps (Rideout and Coster, 2006) . Solar wind data were obtained from the Goddard Space Flight Center Space Physics Data Facility CDAWeb and OMNIWeb data sets (King and Papitashvili, 2005) . The OMNIWeb data set of interplanetary magnetic field and solar wind plasma parameters have combined the data from available solar wind monitors, primarily from Advanced Composition Explorer (ACE). The OMNIWeb data set propagates the solar wind measurements to the nose of the Earth's bow shock to accommodate for propagation delays from the spacecraft. The OMNIWeb data set also provides geomagnetic indices including AE and SYM-H (World Data Center, Kyoto Japan; http://wdc.kugi.kyoto-u.ac.jp/).
Summary of the phase scintillation occurrence in the Southern Hemisphere during the 6-17 March 2012 interval
A summary (Fig. 2) of the OMNI data set shows 5 min averages of the solar wind velocity, V sw ; the IMF components B y and B z ; total magnitude, B; and proton density, n p ; as well as the provisional geomagnetic indices AE and SYM-H. Five upstream interplanetary shocks are indicated by vertical dotted lines (Tsurutani et al., 2014) . Four storms that are discussed in the companion paper are characterized by deep depressions in the storm index SYM-H (Fig. 2g) . The hourly occurrence of phase scintillation at Concordia (DMC), South Pole (SPO) and SANAE (SNA) are shown ( Fig. 2f ). As shown in the companion paper for the northern high latitudes, enhancements in scintillation occurrence followed the arrivals of shocks and onsets of geomagnetic storms. The Southern Hemisphere high-latitude maps of phase scintillation exceeding σ > 0.1 rad and sDPR > 2 mm s −1 as a function of altitude-adjusted corrected geomagnetic (AACGM) latitude (Baker and Wing, 1989; Shepherd, 2014) and time during the same period of geomagnetic storms of March 2012 are shown in Figs. 3 and 4. The scintillation is mapped using grid cells of 1 • × 1 h in size and assuming the ionospheric pierce point (IPP) height at 350 km. To minimize the multipath effect, only GPS satellites with elevation angles exceeding 30 • are used. The values of σ and sDPR are projected to the vertical to account for geometrical effects on the measurements made at different elevation angles. A summary of scintillation occurrence for the North American sector is provided in the companion paper (Prikryl et al., 2015a, their Figs. 3 and 4) .
The scintillation occurrence mapped as a function of universal time (UT) shows the response to arrivals of upstream interplanetary shocks (Tsurutani et al., 2014) that are indicated by vertical dotted lines (Figs. 3a, b, 4a, b) . A panel showing provisional geomagnetic indices AE and SYM-H is inserted for convenience of comparison. The onsets of scintillation events in Antarctica closely followed the arrival of each upstream interplanetary shock. In each case, the enhanced scintillation region expanded equatorward to low auroral and subauroral latitudes as demonstrated by both σ and sDPR. The highest scintillation occurrence and its equatorward expansion coincided with the main phase of geomagnetic storms (Gonzales et al., 1994) (Feldstein and Starkov, 1967; Holzworth and Meng, 1975) for conditions approximately proportional to the Kp index are superposed in white solid lines. The control parameter for the Feldstein model is the index Q (IQ) ranging from 0 to 6 for quiet to active oval. This mapping is used to identify regions of enhanced scintillation occurrence in the context of the coupling processes between the solar wind and magnetosphere. The phase scintillation occurrence is routinely observed in the cusp, from where the enhanced scintillation often extends into a band in the polar cap and is collocated with a TOI fragmented into patches. In the Southern Hemisphere, the scintillation band in the polar cap is tilted toward dusk when the IMFB y is duskward (B y > 0) or toward dawn when the IMFB y is dawnward (B y < 0). This is just the opposite in the Northern Hemisphere, as further discussed in Sect. 4. For example, on 13, 14 and 16 March, when the IMF was predominantly dawnward (B y < 0), scintillation bands were tilted dawnward in the Southern Hemisphere, while they were tilted duskward in the Northern Hemisphere (Prikryl et al., 2015a, their Fig. 4b and c) . On 15 March, when the IMFB y switched polarity and was oriented duskward (B y > 0), the scintillation band on average tilted dawnward in the Northern Hemisphere and duskward in the Southern Hemisphere. Enhanced scintillation (σ > 0.1 rad or sDPR > 2 mm s −1 ) also occurred in the southern auroral and subauroral latitudes during the most disturbed days, particularly on 7, 9 and 15 March ( Fig. 4c and d) . Although there were gaps in the GISTM coverage at the southern auroral and subauroral latitudes, cases of weak to moderate scintillation with sDPR reaching up to about 10 mm s −1 were observed by the IGS GPS receiver in Hobart, Tasmania, on the most disturbed days of 7 and 9 March between 06:00 and 12:00 UT (Fig. 3b) .
Interhemispheric comparison of GPS phase scintillation occurrence
To compare the phase scintillation in the Northern and Southern Hemisphere for selected days, the scintillation occurrence is mapped in polar coordinates on the AACGM latitude-MLT grid of 1 • × 0.25 h, oriented with magnetic noon at the top. Figure 5 shows the phase scintillation occurrence (σ > 0.1 rad and sDPR > 2 mm s −1 ) in the northern (Fig. 5a and b) and southern ( Fig. 5c and d) high latitudes on 7 March. Better coverage by GPS receivers in the Northern (Feldstein and Starkov, 1967; Holzworth and Meng, 1975) for disturbed conditions (IQ = 5) is superposed. Five regions of scintillation ("CUSP", "TOI", "AURO", "SAPS" and "SED") are approximately indicated in the first panel.
Hemisphere makes it possible to identify the main regions of enhanced scintillation in the context of the coupling between the solar wind and magnetosphere. The scintillation regions indicated by labels in Fig. 5a are the cusp, the TOI in the polar cap, and the nightside auroral oval and sub-auroral scintillation regions. The latter may be collocated with SAPS in the midnight sector and storm-enhanced densities (SEDs) on the dayside (Foster, 1993; Foster and Burke, 2002; Foster et al., 2004 Foster et al., , 2005 Clausen et al., 2012; Kunduri et al., 2012) . The phase scintillation observed by GISTMs and 1 Hz GPS receivers occurs in these generic regions. Because of the dynamics of the high-latitude ionosphere, the actual location of these regions varies (e.g., the auroral oval expands and contracts depending on the instantaneous drivers in the solar wind) and daily composite maps ( Fig. 5a and b) can only show their approximate mean locations. While a continuous coverage in AACGM latitude and MLT is lacking in general, the 1 Hz GPS receivers provide nearly continuous coverage at auroral and subauroral latitudes in the Northern Hemisphere. Although there is much less coverage by either GISTMs or 1 Hz GPS receivers in the Southern Hemisphere ( Fig. 5c and d) , similarities or differences in comparison with the Northern Hemisphere maps (Fig. 5a and b) can be examined.
Because σ and sDPR are correlated (Ghoddousi-Fard et al., 2013) and the threshold values used here are comparable, we combined the two occurrence maps into one by considering sDPR > 2 mm s −1 and σ > 0.1 rad to improve the coverage in magnetic latitude and MLT. The composite maps (e.g., Fig. 6a ) combine σ and sDPR data (e.g., Fig. 5a and b) . The scintillation occurrence is defined as 100 × N (σ > 0.1 or sDPR > 2)/N tot , where N is the number of cases in which the phase scintillation index exceeded given thresholds and N tot is the total number data points with IPPs in the bin including both GISTMs and 1 Hz GPS receivers. The maps for the Northern and Southern Hemisphere on 7, 12, 15 and 16 March are shown in Figs. 6-9, respectively. By merging the above-threshold occurrence of σ and sDPR into a single map, similarities and certain asymmetries in each hemisphere are revealed. The most prominent asymmetry that can be attributed to the dawn-dusk IMF component (B y > 0 or B y < 0) is demonstrated by the orientation of scintillation band in the polar cap, which is opposite in the opposite hemispheres as already discussed in Sect. 3.
On 7 March, the IMF B y was initially dawnward (B y < 0) until about 10:00 UT, when it turned strongly duskward (B y > 0) (Fig. 2b) . It is the latter condition that is best represented in the composite maps of scintillation occurrence (Fig. 6 ). In the Northern Hemisphere (Fig. 6a) for IMF B y > 0, the TOI is drawn through the cusp in the post-noon sector by the dawnward and anti-sunward convection (see Milan et al., 2000, their Fig. 4) into the central polar cap. The dayside scintillation region in the Northern Hemisphere extends dawnward from the cusp in the post-noon sector and then poleward, as a result of the anti-sunward return flow. In the polar cap the scintillation band is generally oriented to- wards the pre-midnight sector. In the Southern Hemisphere (Fig. 6b) for IMF B y > 0, the dayside scintillation extends duskward from the pre-noon cusp and, barring some gaps, stretches poleward and towards the post-midnight sector. This was similar on 12 and 15 March (Figs. 7 and 8) , again under control of predominantly duskward IMF B y > 0. On 15 March, after the shock arrival at ∼ 12:00 UT, the IMF fluctuated and then turned strongly duskward (B y > 0) at about 16:00 UT. On the other hand, on March 16, the IMFB y was consistently dawnward (B y < 0) throughout 24 h, which is reflected in the location and orientation of the TOI scintillation band that is opposite in the opposite hemispheres (Fig. 9) . In the Northern Hemisphere the TOI scintillation region extends duskward from the pre-noon cusp and then anti-sunward on the dusk side around the magnetic pole (Fig. 9a) . In the Southern Hemisphere, the TOI extends dawnward from the post-noon cusp and then anti-sunward on the dawn side toward the magnetic pole (Fig. 9b) . Some of the scintillation at the lowest latitudes on the dayside may be collocated with the SED poleward edge (see Prikryl et al., 2015a, their Fig. 15c ). An asymmetry is observed between the Northern and Southern Hemisphere (Fig. 9a and b) . The scintillation region equatorward of the cusp and statistical dayside auroral oval, which we associated with SED (Fig. 5a ), is observed in the post-noon and pre-noon sectors in the Northern and Southern Hemisphere, respectively. This is consistent with the forming of TOI because the high density plasma is drawn into the polar cap through the cusp from the SED region, although a significant expansion of the auroral oval could render these scintillation regions parts of the dayside portion of dusk or dawn convection cells. Figure 10a and b show examples of the SuperDARN convection maps in the Northern and Southern Hemisphere on 7 March at 08:00 UT, when the IMF was strongly southward with a dawnward (B y < 0) component. The maps show an expanded convection pattern with the Heppner-Maynard (H-M) boundary (Imber et al., 2013) latitude at ∼ 23:00 MLT, the scintillation was closely collocated with a strong and narrow westward convection that was likely due to SAPS (further discussed below). In the central polar cap the scintillation mapped to a region of strong anti-sunward convection. On the dayside, scintillation IPPs mapped to the cusp and to the dawn convection cell. In spite of rather limited coverage by GPS/GISTMs and SuperDARN radars in the Southern Hemisphere, a few scintillation IPPs were collocated with a strong anti-sunward convection in the central polar cap and mapped to a mesoscale vortex in the cusp region. Figure 11a and b show the 5 min TEC maps overlaid with the electrostatic potential contours and IPPs. In both hemispheres, the scintillation occurred in regions of enhanced TEC in the central polar cap and on the dayside in the cusp. In the Northern Hemisphere, the bulk of scintillation was collocated with the enhanced TEC in the auroral oval and mapped to the poleward edge of TEC trough. SAPS were likely present as suggested by the convection enhancement at 23:00 MLT near 55 • of AACGM latitude (Fig. 10a) . Dur- ing another event, SAPS dynamics were observed by the SuperDARN CVW radar and GPS receivers at 30-60 s resolution (Makarevich and Bristow, 2014) . The SAPS revealed a complex pattern of large-and small-scale disturbances, including a strong and narrow feature of the subauroral ion drift (SAID) collocated with a TEC enhancement poleward of TEC trough. The narrow convection feature that was collocated with scintillation ( Fig. 10a) mapped to the poleward edge of the TEC trough (Fig. 11a) , similar to SAID observed by Makarevich and Bristow. In the latter case, scintillation with sDPR up to 5 mm s −1 was observed by GPS receivers on the west coast of Canada and the USA (Prikryl et al., 2015b) . The Southern Hemisphere TEC map (Fig. 11b) shows a segment of the main trough over the Antarctic Peninsula. It is noted that there was an indication of weakly enhanced sDPR ∼ 1 mm s −1 observed by GPS receiver in O'Higgins at this time (not shown). This region is approximately magnetically conjugate with the eastern Canada province of New Brunswick, where weak scintillation (sDPR ∼ 2 mm s −1 ) mapped to the poleward edge of TEC trough by GPS receivers NRC1 (Ottawa) and FDRN (Fredericton).
At 08:00 UT, strong dawnward IMF (B y < 0) resulted in a clear interhemispheric asymmetry of high-latitude convec- tion and the orientation of the anti-sunward convection in the polar cap. Convection and TEC maps (Figs. 10 and 11) further illustrate the link between flow intensifications in the polar cap and the nightside auroral activity discussed in the companion paper (Prikryl et al., 2015a) . In this case, the antisunward convection in the northern polar cap started to intensify after ∼ 07:40 UT (cross-polar cap potential, φ PC ≈ 62 kV), and by the time it reached a maximum (φ PC ≈ 76 kV) at 08:00 UT (Fig. 10a) , the convection in the exit region centered in the post-midnight sector strengthened and further intensified thereafter. High TEC values in the central polar cap indicate dense polar patches that were transported to the exit region. As the patches reach the auroral oval poleward boundary, they are known to be transformed into blobs (Crowley et al., 2000) and are the cause of strong scintillation (Jin et al., 2014) . In the Northern Hemisphere, high TEC collocated with scintillation extended into the exit region in the post-midnight sector.
As shown in the companion paper, phase scintillation was collocated with strong transpolar arcs in the Northern Hemisphere during a period of northward B z on 8 March. The particle precipitation into transpolar arcs was observed during northern and southern high-latitude overpasses by DMSP satellites (http://sd-www.jhuapl.edu/Aurora/). Figure 12 shows DMSP F16 satellite particle data as it passed over the southern auroral oval (between ∼ 11:43 and 11:57 UT) crossing many transpolar arcs in the polar cap. The DMSP particle detectors observed electron precipitation fluxes with energies of ∼ 3 keV, indicating sun-aligned arcs in the polar cap (Newell et al., 2009 ). The SSUSI image scan (Fig. 13) showed numerous arcs particularly in the nightside polar cap that was not covered by GPS receivers at this time. Superposed on the image scans of aurora during the F16 pass are IPPs with enhanced scintillation. The mapping assumes a height of 110 km for both aurora and IPPs. Most of the IPPs were collocated with the dayside auroral oval, but IPPs in the polar cap indicate the scintillation was also caused by sunaligned arcs over McMurdo Station (just before 06:00 MLT at 80 • S AACGM latitude) and at the south magnetic pole Dome C station.
Summary and conclusions
Phase scintillation was observed in the northern and southern high latitudes by arrays of GPS ionospheric scintillation and TEC monitors and geodetic-quality GPS receivers sampling at 1 Hz during the interval of 7-17 March 2012. The maps of scintillation occurrence as a function of altitudeadjusted corrected magnetic latitude and magnetic local time are compared for the Northern and Southern Hemisphere. Enhanced scintillation regions are identified with regions at high latitudes that are known as ionospheric signatures of the coupling between the solar wind and magnetosphere. In both hemispheres, enhanced phase scintillation was collocated with the ionospheric cusp, patches and sun-aligned arcs in the polar cap and nightside auroral oval. In the Northern Hemisphere, scintillation also mapped to subauroral polarization stream (SAPS) in the midnight sector and to the poleward edge of the storm-enhanced density (SED) on the dayside. Weak scintillation mapped to the poleward edge of TEC trough on the nightside. The comparison reveals interhemispheric similarities as well as asymmetries that are commonly manifested by the ionospheric convection at high latitudes observed by SuperDARN and supported by GPS TEC maps. The most prominent interhemispheric asymmetry is caused by the IMF dawn-dusk component that controls the location of the cusp and the orientation of the antisunward convection in the polar cap relative to the noonmidnight meridian. Consequently, the location and orientation of a band of scintillation that is collocated with a tongue of ionization that is fragmented into patches drawn through the cusp is controlled by the prevailing polarity of the IMF dawn-dusk component. The topical editor K. Hosokawa thanks N. Jakowski and one anonymous referee for help in evaluating this paper.
